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Received 17 April 2007; received in revised form 3 July 2007; accepted 2 August 2007AbstractTNF receptor associated factor 1 (TRAF1) plays an important role in regulating the TNF signaling and protecting cells from
apoptosis. In the present study, a TRAF1 gene has been cloned from grass carp (Ctenopharyngodon idella) by reverse transcription
(RT)-PCR and rapid amplification of cDNA ends (RACE). The full-length cDNA is 2235 bp, including a 250 bp 50 UTR
(untranslated region), a 1659 bp open reading frame, and a 326 bp 30 UTR. The polyadenylation signal (AATAAA, AATAA) and
one mRNA instability motif (AUUUA) were found followed by a poly (A) tail in the 30 UTR. No signal peptide or transmembrane
region has been found in the putative amino acids of grass carp TRAF1 (gcTRAF1). The putative amino acids of gcTRAF1 share
72% identity with the homologue in zebrafish. It is characterized by a zinc finger at the N-terminus and a TRAF domain (contains
one TRAF-C and one TRAF-N) at the C-terminus. The identity of the TRAF domain among all the TRAF1 homologues in
vertebrates varies from 52% to 58%, while the identities of TRAF-C were almost the same as 70%. The recombinant gcTRAF1 has
been constructed successfully and expressed in Escherichia coli by using pET-32a expression vector. The polyclonal antibody for
rabbit has been successfully obtained. The expression of gcTRAF1 in different organs was examined by real-time quantitative PCR
and Western blotting, respectively. It was widely distributed in heart, head kidney, thymus, brain, gill, liver, spleen, and trunk
kidney. This is the first report of TRAF1 homologue molecule found in fish.
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Tumor necrosis factor alpha (TNF) and its homo-
logues are proinflammatory cytokines involved in a
variety of physiological and pathological conditions
(Beutler and Cerami, 1988; Old, 1988; Locksley et al.,
2001). They interact with the members of TNF receptor
(TNFR) superfamily and play important roles in a wide* Corresponding author. Tel.: +86 27 68780736;
fax: +86 27 68780123.
E-mail address: pinnie@ihb.ac.cn (P. Nie).
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doi:10.1016/j.vetimm.2007.08.001spectrum of biological processes including the acute
phase response, cell growth and apoptosis, inflamma-
tion and lymphocyte activation (Baker and Reddy,
1996). TNF-RI, TNF-RII, LT-R, CD27, CD30, CD40,
CD95, OX-40, 4-1BB, and others belong to the large
TNFR family (Schulze-Osthoff et al., 1998). Tumor
necrosis factor (TNF) plays a key role in the generation
of local and systemic responses to infection, injury, and
immunological changes through TNFR1 and TNFR2
(Lewis et al., 1991; Smith et al., 1994). TNFR1 and
CD95/Fas, use death domain in its intracellular regions
to signal cell death, culminating in caspase activation.
In contrast, TNFR2 belongs to the majority of TNFRs,
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TNF receptor associated factor (TRAF) family of
intracellular signal transduction molecules (Arch et al.,
1998; Aggarwal, 2003).
TRAF molecules were first identified due to their
ability to bind to the cytoplasmic tail of TNFR2. They
were consequently designated as the TNF receptor-
associated factor (TRAF) 1 and TRAF2 (Rothe et al.,
1994). To date, six TRAFmolecules have been identified
(Cao et al., 1996; Cheng et al., 1995; Hu et al., 1994;
Ishida et al., 1996a,b;Mosialos et al., 1995;Nakano et al.,
1996; Regnier et al., 1995; Sato et al., 1995;Wajant et al.,
1998, 2001; Liu et al., 1999; Inoue et al., 2000). TRAFs
have no intrinsic enzymatic activity and are thought to
serve as adapter molecules. To mediate signals through
TNFR family molecules, TRAF proteins associate either
directly or indirectly with the intracellular domains of a
number of cell-surface receptors as well as a variety of
cytoplasmic proteins (Takeuchi et al., 1996; Kaufman
and Choi, 1999; Wajant et al., 2001). In general, the
TRAF proteins contain a single N-terminal RING finger,
several zinc fingers and a C-terminal TRAF domain. The
TRAF domain (TD) is responsible for the binding of
TRAF proteins to their associated receptors (Takeuchi
et al., 1996). The RING finger and several zinc finger
motifs are important for downstream signaling events
(Rothe et al., 1995;Hsu et al., 1996;Takeuchi et al., 1996;
Hostager et al., 2000; Arron et al., 2002).
TRAF1 is a unique member of the TRAF family,
since it lacks the RING finger, only contains a single
zinc finger domain and a TRAF domain. The expression
pattern of TRAF1 is more restricted, in contrast to the
more ubiquitous expression of other TRAFs (Rothe
et al., 1994; Mosialos et al., 1995; Regnier et al., 1995;
Cao et al., 1996; Ishida et al., 1996a,b; Nakano et al.,
1996). The highest expression levels of TRAF1 can be
found in spleen, lung, testis, and tonsils (Rothe et al.,
1994; Mosialos et al., 1995). Several studies show that
TRAF1 is an NF-kB and AP-1 inducible protein that
protects cells from apoptosis and plays a role in the
feedback regulation of receptor signaling (Lee et al.,
1996a,b; Speiser et al., 1997; Wang et al., 1998;
Carpentier and Beyaert, 1999; Schwenzer et al., 1999;
Dunn et al., 2000; Nolan et al., 2000; Arron et al., 2002;
Eliopoulos et al., 2003). Moreover, TRAF1 is a negative
regulator of TNF activity (Tsitsikov et al., 2001) and is
one of the key regulators of the cellular stress response
(Bryce et al., 2006).
TRAF1 gene has been characterized in mammals
including humans, mouse (Rothe et al., 1994; Siemienski
et al., 1997; Dunn et al., 1999) and avian species, such as
chicken. However, little is known about it in fish. Here,the molecular characterization and expression analysis
of TRAF1 gene from the grass carp, Ctenopharyngodon
idella, is first reported. The result obtained in the
present study fills up the knowledge gap in relation to
the expression of TRAF1 gene in fish, and it may help
to gain further insight into the TRAF1 function.
2. Materials and methods
2.1. Fish and total RNA isolation
Total RNA from the spleen of the healthy grass carp
was extracted with Trizol reagent (Invitrogen, USA)
according to the manufacturer’s instruction. Then the
Smart cDNA was synthesized and amplified using a
Clontech SMART PCR cDNA Synthesis Kit (Clontech)
by following the supplier’s protocol.
2.2. Cloning TRAF1 cDNA sequence by RT-PCR
and RACE-PCR
Based on the conserved sequences of TRAF1
homologues from the zebrafish (GenBank accession
no. XM_696086) and carp (GenBank accession no.
CA969561), two pairs of degenerate primers were
designed to obtain the internal region of the gcTRAF1.
All primers used in this paper are listed in Table 1. The
PCR cycling conditions were 1 cycle of 94 8C for 5 min,
9 cycles of 94 8C for 30 s, 66 8C for 30 s and 72 8C for
90 s, 29 cycles of 94 8C for 30 s, 62 8C for 30 s and
72 8C for 90 s, followed by 1 cycle of 72 8C for 10 min.
The resultant products were isolated using the
Omega agarose purification kit, and cloned into
pMD-18 vector (TaKaRa) by following manufacturer’s
instruction. Putative clones were screened by PCR using
the above primers under the same cycle conditions, and
the selected clones were sequenced.
To recover the full-length cDNA sequence, 30 RACE
and 50 RACE were performed by using the gene-specific
primers and adaptor primers (UPM) shown in Table 1.
The PCR cycling conditions were 1 cycle of 94 8C for
5 min, 9 cycles of 94 8C for 30 s, 68 8C for 30 s and 72 8C
for 90 s, 29 cycles of 94 8C for 30 s, 64 8C for 30 s and
72 8C for 90 s, followed by 1 cycle of 72 8C for 10 min.
The purified fragments were then cloned and sequenced.
2.3. Sequence analysis
Protein prediction was performed using software at
the ExPASy Molecular Biology Server (http://expasy.
pku.edu.cn/). The putative ORFs were analyzed for the
presence of signal peptides using the algorithms Signal
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Table 1
Primers used for the grass carp TRAF1 cloning and expression analysis
Name Sequence (50–30) Application
JBTF1 GAGTGAT(C)AAGGCCC(T)TCAGT(C)CTCCA Conserved region cloning
JBTR1 TCTCCGTTCAA(A)GTAGAG(C)TCGCA Conserved region cloning
JBTF2 TGAACCGAGAGGTG(A)GAGAAGAC Conserved region cloning
JBTR2 TAACAAAGAAAAGAGAGATGTGTG Conserved region cloning
UPM Long (0.4 mM): CTAATACGACTCACTATAGG-
GCAAGCAGTGGTATCAACGCAGAGT; short (2 mM):
CTAATACGACTCACTATAGGGC
The adaptor for RACE
30 out AAAGACATTCACATCACTTCATTG 30 RACE first round PCR
30 in AACGGAGATGGGGTTGGAAAGGGA 30 RACE second round PCR
50 out AAGTGATGTGAATGTCTTTCCTGG 50 RACE first round PCR
50 in CGTCTTCTCCACCTCTCGGTTCA 50 RACE second round PCR
TRAF-F GAAGGTACCATGAACGGGGTTTCGTCC Expression in E. coli
TRAF-R CCGAAGCTTCTAGTCCTGCTGGGCACT Expression in E. coli
RT-F CAGGAAAGACATTCACATCACT Real-time PCR primer used
in expression study
RT-R CCAACCCCATCTCCGTTCAA Real-time PCR primer used
in expression study
ActinF CCTTCTTGGGTAGGAGTCTTG Real-time PCR control
ActinR AGAGTATTTACGCTCAGGTGGG Real-time PCR controlP 3.0. Multiple alignments were generated by the
CLUSTAL 1.8 program. Identities between the full
length of gcTRAF1 and other TRAF1 proteins were
determined using the software at the website http://
www.ch.embnet.org/software/BOX_form.html. The
phylogenetic tree was constructed based on the deduced
amino acid sequences covering all the major groups of
TRAF (TRAF1–6) from vertebrates and invertebrates
using the Neighbor-Joining (NJ) algorithm within
PHYLIP Version 3.66. Reliability of the tree was
assessed by 1000 bootstrap repetitions. All the
sequences used for the phylogenetic analysis are listed
in Table 2.
2.4. RNA extraction and cDNA synthesis for mRNA
expression analysis
Three healthy grass carp, about 100 g each in body
weight, obtained in January 2006 in Niushan Lake,
Wuhan, Hubei, were cultured about 1 week in the same
condition. Then the total RNA was extracted using
TRIzol reagent (Gibco) from organs of interest, such as
brain, gill, heart, head kidney, trunk kidney, liver,
muscle, spleen, and thymus from each fish. After
treatment with RNase-free DNase (TAKARA), 50 mg
RNA from different organs was obtained and about
5 mg RNA was reverse-transcribed, respectively with
reverse transcriptase (Fermentas) according to standard
protocols.
The primers, which performed best for specific
TRAF1 and the housekeeping b-actin gene in both RT-PCR and real-time amplification were designated as RT-
F, RT-R, ActinF and ActinR, just as listed in Table 1.
2.5. Real-time quantitative RT-PCR
TRAF1 and b-actin cDNA fragments were gener-
ated by RT-PCR, and each amplicon was purified
using the DNA Gel Exaction Kit (Promega) and
cloned using pMD18-T vector (Takara) according to
standard protocols. Cloned amplicon sequences were
confirmed by sequencing. Plasmid DNAwas obtained
by using the Promega A7100 Wizard Plus Minipreps
DNA Purification System. The cDNA plasmid con-
centrations were measured at OD260 and the corre-
sponding copy numbers were based on the formula that
1 mg of 1000 bp DNA is equivalent to 9.1  1011
molecules.
Serial 10-fold dilutions of the resulting plasmid
clones, e.g., ranging from 109 down to 104 input cDNA
copies, are used as a standard curve in each PCR run.
Quantitative real-time PCR was conducted on a
Chromo4 Real-Time Detection System (MJ Research,
USA). Amplifications were carried out at a final volume
of 20 mL, containing 1.0 mL DNA sample, 10 mL
SYBR Green Real time PCR Master Mix (TOYOBO),
1.0 mL of each primer and 7.0 mL ddH2O. The reaction
carried out without template was used as blanks. PCR
amplification was performed in triplicate wells, using
the following conditions: 5 min at 94 8C, followed by
45 cycles consisting of 20 s at 94 8C, 20 s at 61 8C and
30 s at 72 8C.
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Table 2
TRAF sequences used for phylogenetic tree construction
Species Protein GenBank
accession nos.
Human HsTRAF1 NP_005649
HsTRAF2 NP_066961
HsTRAF3–1 NP_003291
HsTRAF4 NP_004286
HsTRAF5 NP_004610
HsTRAF6 NP_004611
Mouse MmTRAF1 NP_033447
MmTRAF2 NP_033448
MmTRAF3a NP_035762
MmTRAF4 NP_033449
MmTRAF5 NP_035763
MmTRAF6 NP_033450
Norway rat RnsTRAF1 XP_001080233
RnsTRAF2 XP_001077727
RnsTRAF3 XP_001071666
RnsTRAF4 XP_001080843
RnsTRAF6 XP_230377
Rhesus monkey MMsTRAF1 XP_001095862
MMsTRAF2–1 XP_001092078
MMTRAF3–1 XP_001082408
MMsTRAF4–1 XP_001107048
MMsTRAF5 XP_001108970
MMsTRAF6–1 XP_001114764
Chimpanzee PtTRAF1–1 XP_001158250
PtTRAF3–1 XP_001164813
PtTRAF4 XP_511363
PtTRAF5-3 XP_001169967
PtTRAF6-1 XP_001154065
Dog CfsTRAF1 XP_855528
CfsTRAF2–1 XP_537792
CfsTRAF3 XP_854615
CfsTRAF5 XP_537142
Cow BtsTRAF2–2 XP_874100
BtsTRAF3–1 XP_582595
BtsTRAF4 XP_001251944
BtsTRAF5 XP_583804
BtTRAF6 NP_001029833
Opossum MdsTRAF2–2 XP_001366851
MdsTRAF3–1 XP_001367040
MdsTRAF4 XP_001368795
MdsTRAF5 XP_001374168
Chicken GgsTRAF2 XP_415560
GgsTRAF3 XP_421378
GgTRAF5 NP_989550
Sea urchin SpsTRAF4 XP_001191827
SpsTRAF6 XP_789994
Zebrafish DrsTRAF1 XP_701178
DrsTRAF2 XP_683230
DrTRAF4a NP_991325
DrsTRAF5 XP_001334577
DrTRAF6 NP_956115
Table 2 (Continued )
Species Protein GenBank
accession nos.
Grass carp CiTRAF1 ABE99697
CiTRAF2 ABE99696
Rainbow trout OmTRAF2 CAD69021
Japanese lancelet BbTRAF2 ABN04151
Silurana tropicalis XtTRAF6 NP_001008162
Fruit fly DmTRAF1A NP_477416
DmTRAF2 NP_511080
Elegans CeTRAF NP_4997732.6. Statistical analyses
After the completion of PCR amplification, data
were obtained with the Opticon Monitor software 2.03
version (MJ research). The exact copy number of
constitutive transcripted mRNA in each organ was
derived from each threshold value according to the
standard curve.
The data are presented as the fold change in
gcTRAF1 gene expression in organ normalized to b-
actin using that of trunk kidney as a calibrator of one
(which has the lowest value).
2.7. Expression of TRAF1 in E. coli and
preparation of antibody
The expression fragment between 13 and 398 amino
acids of TRAF1 was obtained by one pair of primers
TRAF-F and TRAF-R. PCR amplifications were
performed for one cycle of 5 min at 94 8C, 33 cycles
of 30 s at 94 8C, 30 s at 60 8C, 60 s at 72 8C, with a final
extension step of 10 min at 72 8C. Purified fragment
was digested with KpnI and HindIII, ligated into the
pET-32a expression vector for construction of recom-
binant proteins, and transformed into DH5a competent
cells. After sequencing the positive clones to ensure in
frame insertion, the pET-32a-gcTRAF1 construct was
transformed into E. coli BL21 (DE3) strain for protein
expression.
The fusion protein was expressed by isopropyl-beta-
D-thiogalactopyranoside (IPTG) induction, and ana-
lyzed with SDS polyacrylamide gel (SDS-PAGE). To
prepare for the polyclonal antibody, IPTG was added in
a final concentration of 1 mM when the culture reached
OD600 = 0.6. After culturing at 6 h at 37 8C, the cells
were harvested by centrifugation and disrupted by
sonication. The recombinant protein was purified by
affinity chromatography in a column of Ni2+-charged
resin (Novagen). Recombinant His6-gcTRAF1 protein
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HCl/pH 7.9, containing 200 mM imidazole/0.5 M
NaCl. Rabbits were first injected subcutaneously with
800 mg of the emulsified His6-gcTRAF1protein. After
the first injection, rabbit was immunized twice with half
dose of antigen for every 2 weeks. The rabbits were bled
in 2 weeks after the last booster and serum samples were
stored at 80 8C until use.
2.8. Western blotting analysis
For identifying the protein expression of TRAF1,
brain, gill, heart, head kidney, trunk kidney, liver,
spleen, and thymus, extracts of grass carp were lysed
in electrophoresis sample buffer, respectively. Protein
concentrations were determined using Bradford
protein assay (Biorad). Each sample, equivalent to
10 mg total protein, was run on 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis and
subsequently transferred to PVDF membrane (Milli-
pore). The blotting membrane was blocked with
5% dry milk for 1 h, and then the membrane was
incubated at TBST buffer containing 1.0% milk with
antiserum (1:50) from rabbit at 4 8C overnight. After
washing three times for about 30 min, the membrane
was further incubated for 1 h with 1:200 diluted
alkaline phosphatase-conjugated Goat Anti-rabbit IgG
(Sino-American Biotechnology Company). After
three times of washing about 10 min each in TBST
buffer, detection was performed using BCIP/NBT
staining.
The specificity of polyclonal antibody was evaluated
by Western blotting analysis. The samples from
different organs were divided into two parts: control
and positive ones. The control was designed to
determine polyclonal antibody specificity. In the
control, the gcTRAF1 antiserum was replaced by the
antiserum pre-adsorbed with pure fusion protein (Wang
et al., 2007).
3. Results
3.1. cDNA sequence of grass carp TRAF1
The grass carp TRAF1 (gcTRAF1) cDNA sequence
(GenBank accession no. DQ455749) is 2235 bp in
length, including a 250 bp 50 UTR (untranslated
region), a 1659 bp open reading frame, and a 326 bp
30 UTR. Three polyadenylation signals (AATAAA,
AATAA) and one mRNA instability motif (ATTTA)
were found followed by a poly(A) tail in the 30 UTR
(Fig. 1). The putative TRAF1 in grass carp is predictedto be 552 amino acids long, with a calculatedmolecular
mass of 61.37 kDa and an isoelectric point of 6.69.
Analysis of the deduced amino acid sequence by
TMpred program suggests that gcTRAF1 is not a
transmembrane protein. Analysis using Signal P-NN
program showed that TRAF1 has no signal peptide.
Meanwhile, the TRAF1 protein obtained was calcu-
lated to be unstable (http://au.expasy.org/tools/
protparam.html), with the instability index (II)
46.64. According to k-NN prediction and previous
study, the protein is probably located in the cytoplasmic
region.
Using the Scanprosite programs in PROSITE
database (http://ca.expasy.org/prosite), the putative
TRAF1 protein of grass carp contains two potential
N-glycosylation sites at 170–173 and 209–212. Impor-
tantly, the putative protein has a conserved TRAF
domain at the C-terminus of gcTRAF1(gcTRAF1402–
548), together with one zinc finger TRAF-type profile in
the middle part (gcTRAF1135–177) (Fig. 1), which is
consistent with the results by blast analysis of the
gcTRAF1 protein in the NCBI website.
When compared with TRAF1 reported in other
vertebrates, the identity varies from 44% (dog TRAF1,
GenBank accession no. NP_033447) to 72% (zebrafish
TRAF1, GenBank accession no. XP_701178). Based
on the previous reports about the structure analysis of
the TRAF1 in mouse and humans (Rothe et al., 1994;
Cheng et al., 1995; Siemienski et al., 1997; Dunn et al.,
1999; Grech et al., 2000) and the biological informa-
tion analysis, the TRAF domain (TD) of the gcTRAF1
was obtained, with about 147 amino acids in TD-C
terminus (TD-C) and 76 amino acids in TD-N terminus
(TD-N) (Fig. 1). The identity of the TD, TD-C
terminus and TD-N terminus of the gcTRAF1 with
those in other vertebrates were compared, and the
results were shown in Table 3. Interestingly, the
identities of TD-C among all these vertebrates were
almost the same as 70%, the identity of the complete
TD domain varies from 52 to 58%, while the identity
for the TD-N was relatively lower (less than 35%). The
multiple sequence alignments of gcTRAF1 and
mammalian TRAF1 sequences (Fig. 2) also indicate
that most of the conserved residues are found at the C-
terminal half of the polypeptide within a 150 amino
acid TRAF region.
In addition, blast analysis of the gcTRAF1 protein
showed that it was also similar to Epstein–Barr
virus (EBV)-induced protein. The identity of the
gcTRAF1 TD with that of EBV-induced protein in
chicken (GenBank accession no. XP_415406), cow
(XP_613776) and opossum (XP_001369540) was
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Fig. 1. cDNA sequence of gcTRAF1. The nucleotide sequence (upper) and the deduced amino acid sequence (lower) are numbered (GenBank
accession no. DQ455749). The potential N-glycosylation sites are boxed. The putative N-terminal of the TRAF domain (TRAF-N) is underlined by
continuous dot lines, while the C-terminal of the TRAF domain (TRAF-C) is highlighted in gray. The broken underline indicates the predicted zinc
finger TRAF-type profile. The start and stop codons of the open reading frame are in bold. The mRNA instability motif is highlighted in italic. The
double underline indicates the position of the polyadenylation signal.
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Fig. 1. (Continued ).70%, 70% and 61%, respectively. The identity of the
full length among them was 51%, 45%, and 39%,
respectively.
3.2. Phylogenetic analysis
In a phylogenetic tree based on amino acid
sequences from 59 TRAF sequences, gcTRAF1 is
clustered with the TRAF1 genes, nearest to zebrafishTable 3
Amino acid sequence identities (%) between the gcTRAF1 and other verte
Species Protein name GenBank
accession nos.
Rat Similar to TRAF1 XP_001080233
Mouse TRAF1 NP_033447
Human TRAF1 NP_005649
Chimpanzee TRAF1 XP_001158250
Monkey Similar to TRAF1 XP_001095862
Dog Similar to TRAF1 XP_855528
Chicken Similar to EBV-induced protein XP_415406
Cow Similar to EBV-induced protein XP_613776
Opossum Similar to EBV-induced protein XP_001369540TRAF1 related protein, but apart from other TRAF
proteins of the TRAF family (Fig. 3).
3.3. Expression of gcTRAF1 in mRNA level
The mRNA expression of gcTRAF1 in different
organs was examined by real-time PCR. Just as shown
in Fig. 4, the gcTRAF1 was widely distributed in all the
organs, with the highest level in heart, then in headbrate’s TRAF1
Full-length
(%)
TRAF domain
(%)
TRAF-C
(%)
TRAF-N
(%)
47 56 70 30
47 56 70 30
43 57 70 31
43 57 70 31
43 57 70 31
44 53 68 33
51 58 70 34
45 58 70 34
39 52 61 34
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Fig. 2. The alignment of deduced amino acid sequences of human TRAF1 (NP_005649), chimpanzee TRAF1 (XP_001158250), monkey similar to
TRAF1 (XP_001095862), mouse TRAF1 (NP_033447), dog similar to TRAF1 (XP_855528), grass carp TRAF1 (ABE99697) and zebrafish similar
to TRAF1 (XP_701178). The identical amino acids are indicated with asterisk and shaded in black, and conservative substitutions with dots. The
similar amino acids are shaded in gray. The arrow toward indicates the TRAF MATH domain. The N-terminus of TRAF domain was boxed.
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Fig. 2. (Continued ).kidney, thymus, brain, gill, liver, spleen, and lowest in
trunk kidney.
3.4. Expression of the recombinant gcTRAF1 in E.
coli
The recombinant gcTRAF is expressed in inclusion
body, which was observed after Coomassie Brillant
Blue R-250 staining by SDS-PAGE. The highest
expression level was induced by IPTG about 6 h when
cultured at 37 8C (Fig. 5).
3.5. Western blot detection of organs expression
Distribution of gcTRAF1 protein in different
organs was examined by Western blotting analysis.
As shown in Fig. 6b, an immunoreactive band at
about 61 kDa was detected in heart, head kidney,
thymus, liver, brain, gill, and spleen, weakly detected in
trunk kidney. In controls, the 61 kDa protein could
hardly be detected by Western blotting (Fig. 6a).
Therefore, it can be concluded that the gcTRAF1
antibody is specific.
4. Discussion
The TRAF family is a group of adapter proteins that
link a wide variety of cell surface receptors. In addition,
TRAFs interact with a variety of proteins that regulate
receptor-induced cell death or survival (Lee and Lee,
2002).
As the unique member of the TRAF family, TRAF1
has been studied for many years. In the present study,
the full-length cDNA of gcTRAF1 was successfully
obtained by RT-PCR and RACE. The putative amino
acids of the gcTRAF1 share 44–72% identity with that
in higher vertebrates. Phylogenetic tree analysisrevealed that the gcTRAF1 is clustered with other
seven TRAF1 related protein, being closer to the
zebrafish TRAF1 protein (Fig. 3). However, the
alignment analysis showed that fish TRAF1 proteins
contain larger insertions than mammalian TRAF1
proteins, which encoded potential trypsin inhibitor like
cysteine rich domain (TIL domain) and domain of
unknown function (DUF1610). DUF1610 domain in
archaeal species was reported to bind zinc via its four
well-conserved cysteine residues. The function of TIL
and DUF1610 domain in fish TRAFs was unclear.
The structures with only one TD (one TRAF-N and
TRAF-C), one single zinc finger and without a RING
domain highlight the unique character of the gcTRAF1
and its TRAF1 homologues (Rothe et al., 1994; Cheng
et al., 1995; Siemienski et al., 1997; Dunn et al., 1999;
Grech et al., 2000). The TD plays an important role in
TRAF function by mediating self-association and
upstream interactions with receptors and other signaling
proteins (Takeuchi et al., 1996). The zinc finger motif is
important for downstream signaling events (Rothe et al.,
1995; Takeuchi et al., 1996). In comparison with
homologues of other vertebrates, the TD-C domain is
the most conserved part of gcTRAF1, while the TD-N
domain is less conserved. This is consistent with the
character of high conservation of TD-C and more
divergence of TD-N for TRAF family (Rothe et al.,
1994; Carpentier and Beyaert, 1999; Lee and Lee,
2002). To our knowledge, the highly conserved
C-terminal portion of the TRAF domain is capable of
binding to the intracellular portion of TNFR2, CD40,
CD30, LT-bR, 41-BB, BCMA and some cytoplasmic
proteins (Rothe et al., 1994; Lee et al., 1996a,b; Gedrich
et al., 1996; Kaye et al., 1996; Arch and Thompson,
1998; Pullen et al., 1999; Hatzoglou et al., 2000;
Bradley and Pober, 2001; Eliopoulos et al., 2003; Fotin-
Mleczek et al., 2004). The variable N-terminal TRAF
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Fig. 3. Phylogenetic tree showing the relationship between the gcTRAF1 and other TNF-associated factors from vertebrates and invertebrates. Full-
length amino acid sequences were aligned using the CLUSTAL program within DNASTAR and the phylogenetic tree was constructed based on the
deduced amino acid sequences using the Neighbor-Joining (NJ) algorithm within PHYLIP Version 3.66. The GenBank accession numbers of these
proteins are shown in Table 2.domain appears to contribute to the oligomerization of
TRAF proteins (Rothe et al., 1994). It is well known that
TRAF1 plays an important role in the regulation of the
intracellular signal transduction and exerts an apoptosis
protective effect on lymphoid cells (Rothe et al., 1994;
Mosialos et al., 1995; Lee et al., 1996a,b; Speiser et al.,1997; Durkop et al., 1999; Vicat et al., 2003; Pryhuber
et al., 2005).
Interestingly, another protein named Epstein–Barr
virus (EBV)-induced protein was found to be similar to
gcTRAF1 with the TRAF domain. This EBV-induced
protein was found to exist in chicken, cow and opossum.
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Fig. 4. Expression characterization of gcTRAF1 in organs revealed by
real-time PCR. The total RNA was extracted from grass carp brain,
gill, heart, head kidney, trunk kidney, liver, and thymus, respectively.
Fig. 5. Expression and purification of grass carp recombinant TRAF1
in E. coli cells. The collected cell lysates and the purified proteins were
separated on 10% SDS-PAGE reducing gels. Lane 1, protein mole-
cular standard; Lane 2, pET-32a-TRAF1 without induction; Lane 3,
pET-32a-TRAF1 with IPTG induction; Lane 4, purified recombinant
gcTRAF1.The protein also has one TD and one finger motif, just as
like TRAF1. Further analysis revealed the TD can be
also divided into two parts: TD-C and TD-N. The
conservation of the TD-C between them is very high,
varying from 61 to 70%. The identities suggest that the
gcTRAF1 gene have some relationship with EBV.
Coincidently, TRAF1 (EB16) of human was first
identified by induced with EBV infection (Mosialos
et al., 1995). Meantime, the study showed that EBV
latent membrane protein 1 (LMP1) could interact with
TRAF1 (EB16) by causing it to localize to LMP1
clusters in lymphoblast plasma membranes (Mosialos
et al., 1995). The EBVencoded protein LMP1 is the sole
oncoprotein involved in EBV-mediated transformation
among the elements expressed in nasopharyngealFig. 6. Expression characterization of gcTRAF1 in organs revealed Western
immune rabbit serum by Western blotting with the heart extract; (b) extra
membrane (Millipore), blotted with the anti-gcTRAF1 antiserum and deteccarcinoma (NPC). Whether the expression of gcTRAF1
is affected by EBV and whether gcTRAF1 could
associate with LMP1 are of interest for further research.
The mRNA expression of TRAF1 has been reported
in mouse and human (Rothe et al., 1994; Mosialos et al.,
1995). TRAF1 is selectively expressed in tonsils,
spleen, lung and testis (Rothe et al., 1994; Mosialos
et al., 1995), not in brain, heart, liver, kidney andblotting. The specificity confirmation of gcTRAF1 antibody using pre-
cts from organs were run on 10% SDS-PAGE, transferred to PVDF
ted by BCIP/NBT staining.
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that. In the present study, TRAF1 mRNA was widely
distributed in all the organs examined, with the most
abundant in heart, then in head kidney, thymus, lower in
brain, gill, liver, and spleen, while the lowest in trunk
kidney. Perhaps the different expression pattern
between the grass carp and human or mouse organs
is due to species difference. The different methods to
examine the mRNA expression level may also influence
the interpretation of expression pattern in different
organs. In this study, the expression of gcTRAF1 was
detected by real-time PCR, while the expression of
TRAF1 in mouse or human tissues was evaluated using
a multiple tissue Northern blot (Rothe et al., 1994;
Mosialos et al., 1995).
To further study the tissue distribution of TRAF1,
gcTRAF1 was examined in different organs in protein
level by Western blotting analysis. In agreement to the
mRNA expression, gcTRAF1 protein was also detected
in all the organs examined, which was unlike that in
human and mouse. Further research may provide
information to explain the observed difference in the
expression of TRAF1 gene between grass carp and other
vertebrates.
The function of TRAF1 has been studied for many
years. Several studies show that TRAF1 plays an
inhibitory role in antigen-induced apoptosis of CD8+ T
lymphocytes (Speiser et al., 1997; Sabbagh et al., 2006)
and takes a negative part in the regulation TNF
signaling (Tsitsikov et al., 2001; Pryhuber et al., 2005).
However, it is still elusive how TRAF1 exerts its anti-
apoptotic effect. In addition, there are conflicting
reports regarding the role of TRAF1 in NF-kB and AP1
regulation. TRAF1 may be involved in the promotion as
well as feedback inhibition of TRAF2-mediated
signaling events (Duckett et al., 1997; Carpentier and
Beyaert, 1999; Tsitsikov et al., 2001; Henkler et al.,
2003; Sabbagh et al., 2006). Although the precise
biochemical function of TRAF1 is less well understood,
these studies indicate that TRAF1 take critical role in
infection, immunity, cancer, which is of great impor-
tance for immune therapy.
In the present study, the structure and the expression
of TRAF1 protein has been described for the first time in
fish, and the main function of its homologues in fish is
the emphasis of further research.
Acknowledgments
The present study was financially supported by a
grant [2005] 192 from the Chinese Academy of
Sciences. Two anonymous reviewers are sincerelyacknowledged for their comments and suggestions,
which have improved the quality of the manuscript.
References
Aggarwal, B.B., 2003. Signalling pathways of the TNF superfamily: a
double-edged sword. Nat. Rev. Immunol. 3, 745–756.
Arch, R.H., Gedrich, R.W., Thompson, C.B., 1998. Tumor necrosis
factor receptor associated factors (TRAFs)—a family of adapter
proteins that regulates life and death. Genes Dev. 12, 2821–2830.
Arch, R.H., Thompson, C.B., 1998. 4-1BB andOx40 are members of a
tumor necrosis factor (TNF)-nerve growth factor receptor sub-
family that bind TNF receptor-associated factors and activate
nuclear factor kappaB. Mol. Cell. Biol. 18, 558–565.
Arron, J.R., Pewzner-Jung, Y., Walsh, M.C., Kobayashi, T., Choi, Y.,
2002. Regulation of the subcellular localization of tumor necrosis
factor receptor-associated factor (TRAF) 2 by TRAF1 reveals
mechanisms of TRAF2 signaling. J. Exp. Med. 196, 923–934.
Baker, S.J., Reddy, E.P., 1996. Transducers of life and death: TNF
receptor superfamily and associated proteins. Oncogene 12, 1–9.
Beutler, B., Cerami, A., 1988. The history, properties, and biological
effects of cachectin. Biochemistry 27, 7575–7582.
Bradley, J.R., Pober, J.S., 2001. Tumor necrosis factor receptor-
associated factors (TRAFs). Oncogene 20, 6482–6491.
Bryce, P.J., Oyoshi, M.K., Kawamoto, S., Oettgen, H.C., Tsitsikov,
E.N., 2006. TRAF1 regulates Th2 differentiation, allergic inflam-
mation and nuclear localization of the Th2 transcription factor,
NIP45. Int. Immunol. 18, 101–111.
Cao, Z., Xiong, J., Takeuchi, M., Kurama, T., Goeddel, D.V., 1996.
TRAF6 is a signal transducer for interleukin-1. Nature 383, 443–
446.
Carpentier, I., Beyaert, R., 1999. TRAF1 is a TNF inducible regulator
of NF-kappa B activation. FEBS Lett. 460, 246–250.
Cheng, G., Cleary, A.M., Ye, Z.S., Hong, D.I., Lederman, S., Balti-
more, D., 1995. Involvement of CRAF1, a relative of TRAF, in
CD40 signaling. Science 267, 1494–1498.
Duckett, C.S., Gedrich, R.W., Gilfillan, M.C., Thompson, C.B., 1997.
Induction of nuclear factor kappaB by the CD30 receptor is
mediated by TRAF1 and TRAF2. Mol. Cell. Biol. 17, 1535–1542.
Dunn, I.F., Geha, R.S., Tsitsikov, E.N., 1999. Structure of the murine
TRAF1 gene. Mol. Immunol. 36, 611–617.
Dunn, I.F., Sannikova, T.Y., Geha, R.S., Tsitsikov, E.N., 2000. Iden-
tification and characterization of two CD40-inducible enhancers in
the mouse TRAF1 gene locus. Mol. Immunol. 37, 961–973.
Durkop, H., Foss, H.D., Demel, G., Klotzbach, H., Hahn, C., Stein, H.,
1999. Tumor necrosis factor receptor-associated factor 1 is over-
expressed in Reed–Sternberg cells of Hodgkin’s disease and
Epstein–Barr virus-transformed lymphoid cells. Blood 93, 617–
623.
Eliopoulos, A.G., Waites, E.R., Blake, S.M., Davies, C., Murray, P.,
Young, L.S., 2003. TRAF1 is a critical regulator of JNK signaling
by the TRAF-binding domain of the Epstein–Barr virus-encoded
latent infection membrane protein 1 but not CD40. J. Virol. 77,
1316–1328.
Fotin-Mleczek, M., Henkler, F., Hausser, A., Glauner, H., Samel, D.,
Graness, A., Scheurich, P., Mauri, D., Wajant, H., 2004. Tumor
necrosis factor receptor-associated factor (TRAF) 1 regulates
CD40-induced TRAF2-mediated NF-kappaB activation. J. Biol.
Chem. 279, 677–685.
Gedrich, R.W., Gilfillan, M.C., Duckett, C.S., Van Dongen, J.L.,
Thompson, C.B., 1996. CD30 contains two binding sites with
Z.Y. Xu et al. / Veterinary Immunology and Immunopathology 121 (2008) 44–5756different specificities for members of the tumor necrosis factor
receptor-associated factor family of signal transducing proteins. J.
Biol. Chem. 271, 12852–12858.
Grech, A., Quinn, R., Srinivasan, D., Badoux, X., Brink, R., 2000.
Complete structural characterisation of the mammalian and Dro-
sophila TRAF genes: implications for TRAF evolution and the
role of RING finger splice variants. Mol. Immunol. 37, 721–734.
Hatzoglou, A., Roussel, J., Bourgeade, M.F., Rogier, E., Madry, C.,
Inoue, J., Devergne, O., Tsapis, A., 2000. TNF receptor family
member BCMA (B cell maturation) associates with TNF receptor-
associated factor (TRAF) 1, TRAF2, and TRAF3 and activates
NF-kappa B, elk-1, c-Jun N-terminal kinase, and p38 mitogen-
activated protein kinase. J. Immunol. 165, 1322–1330.
Henkler, F., Baumann, B., Fotin-Mleczek, M., Weingartner, M.,
Schwenzer, R., Peters, N., Graness, A., Wirth, T., Scheurich, P.,
Schmid, J.A., Wajant, H., 2003. Caspase-mediated cleavage con-
verts the tumor necrosis factor (TNF) receptor-associated factor
(TRAF)-1 from a selective modulator of TNF receptor signaling to
a general inhibitor of NF-kappaB activation. J. Biol. Chem. 278,
29216–29230.
Hostager, B.S., Catlett, I.M., Bishop, G.A., 2000. Recruitment of
CD40 and tumor necrosis factor receptor-associated factors 2 and
3 to membrane microdomains during CD40 signaling. J. Biol.
Chem. 275, 15392–15398.
Hsu, H., Shu, H.B., Pan, M.G., Goeddel, D.V., 1996. TRADD-TRAF2
and TRADD-FADD interactions define two distinct TNF receptor
1 signal transduction pathways. Cell 84, 299–308.
Hu, H.M., O’Rourke, K., Boguski, M.S., Dixit, V.M., 1994. A novel
RING finger protein interacts with the cytoplasmic domain of
CD40. J. Biol. Chem. 269, 30069–30072.
Inoue, J., Ishida, T., Tsukamoto, N., Kobayashi, N., Naito, A., Azuma,
S., Yamamoto, T., 2000. Tumor necrosis factor receptor-associated
factor (TRAF) family: adapter proteins that mediate cytokine
signaling. Exp. Cell. Res. 254, 14–24.
Ishida, T., Mizushima, S., Azuma, S., Kobayashi, N., Tojo, T., Suzuki,
K., Aizawa, S., Watanabe, T., Mosialos, G., Kieff, E., Yamamoto,
T., Inoue, J., 1996a. Identification of TRAF6, a novel tumor
necrosis factor receptor-associated factor protein that mediates
signaling from an amino-terminal domain of the CD40 cytoplas-
mic region. J. Biol. Chem. 271, 28745–28748.
Ishida, T.K., Tojo, T., Aoki, T., Kobayashi, N., Ohishi, T., Watanabe,
T., Yamamoto, T., Inoue, J., 1996b. TRAF5, a novel tumor necrosis
factor receptor-associated factor family protein, mediates CD40
signaling. Proc. Natl. Acad. Sci. U.S.A. 93, 9437–9442.
Kaufman, D.R., Choi, Y., 1999. Signaling by tumor necrosis factor
receptors: pathways, paradigms and targets for therapeutic mod-
ulation. Int. Rev. Immunol. 18, 405–427.
Kaye, K.M., Devergne, O., Harada, J.N., Izumi, K.M., Yalamanchili,
R., Kieff, E., Mosialos, G., 1996. Tumor necrosis factor receptor
associated factor 2 is a mediator of NF-kappa B activation by
latent infection membrane protein 1, the Epstein–Barr virus
transforming protein. Proc. Natl. Acad. Sci. U.S.A. 93, 11085–
11090.
Lee, N.K., Lee, S.Y., 2002. Modulation of life and death by the tumor
necrosis factor receptor-associated factors (TRAFs). J. Biochem.
Mol. Biol. 35, 61–66.
Lee, S.Y., Lee, S.Y., Kandala, G., Liou, M.L., Liou, H.C., Choi, Y.,
1996a. CD30/TNF receptor-associated factor interaction: NF-
kappaB activation and binding specificity. Proc. Natl. Acad.
Sci. U.S.A. 93, 9699–9703.
Lee, S.Y., Park, C.G., Choi, Y., 1996b. T cell receptor-dependent cell
death of T cell hybridomas mediated by the CD30 cytoplasmicdomain in association with tumor necrosis factor receptor-asso-
ciated factors. J. Exp. Med. 183, 669–674.
Lewis, M., Tartaglia, L.A., Lee, A., Bennett, G.L., Rice, G.C., Wong,
G.H., Chen, E.Y., Goeddel, D.V., 1991. Cloning and expression of
cDNAs for two distinct murine tumor necrosis factor receptors
demonstrate one receptor is species specific. Proc. Natl. Acad. Sci.
U.S.A. 88, 2830–2834.
Liu, H., Su, Y.C., Becker, E., Treisman, J., Skolnik, E.Y., 1999. A
Drosophila TNF-receptor-associated factor (TRAF) binds the ste20
kinase Misshapen and activates Jun kinase. Curr. Biol. 9, 101–104.
Locksley, R.M., Killeen, N., Lenardo, M.J., 2001. The TNF and TNF
receptor superfamilies: integrating mammalian biology. Cell 104,
487–501.
Mosialos, G., Birkenbach, M., Yalamanchili, R., VanArsdale, T.,
Ware, C., Kieff, E., 1995. The Epstein–Barr virus transforming
protein LMP1 engages signaling proteins for the tumor necrosis
factor receptor family. Cell 80, 389–399.
Nakano, H., Oshima, H., Chung, W., Williams-Abbott, L., Ware, C.F.,
Yagita, H., Okumura, K., 1996. TRAF5, an activator of NF-
kappaB and putative signal transducer for the lymphotoxin-beta
receptor. J. Biol. Chem. 271, 14661–14664.
Nolan, B., Kim, R., Duffy, A., Sheth, K., De, M., Miller, C., Chari, R.,
Bankey, P., 2000. Inhibited neutrophil apoptosis: proteasome
dependent NF-kappaB translocation is required for TRAF-1
synthesis. Shock 14, 290–294.
Old, L.J., 1988. Tumor necrosis factor. Sci. Am. 258, 41–49.
Pryhuber, G.S., Huyck, H.L., Roper, J.M., Cornejo, J., O’Reilly, M.A.,
Pierce, R.H., Tsitsikov, E.N., 2005. Acute tumor necrosis factor-
alpha-induced liver injury in the absence of tumor necrosis factor
receptor-associated factor 1 gene expression. Am. J. Pathol. 166,
1637–1645.
Pullen, S.S., Dang, T.T., Crute, J.J., Kehry, M.R., 1999. CD40
signaling through tumor necrosis factor receptor-associated factors
(TRAFs). Binding site specificity and activation of downstream
pathways by distinct TRAFs. J. Biol. Chem. 274, 14246–14254.
Regnier, C.H., Tomasetto, C., Moog-Lutz, C., Chenard, M.P., Wend-
ling, C., Basset, P., Rio, M.C., 1995. Presence of a new conserved
domain in CART1, a novel member of the tumor necrosis factor
receptor-associated protein family, which is expressed in breast
carcinoma. J. Biol. Chem. 270, 25715–25721.
Rothe, M., Sarma, V., Dixit, V.M., Goeddel, D.V., 1995. TRAF2-
mediated activation of NF-kappa B by TNF receptor 2 and CD40.
Science 269, 1424–1427.
Rothe, M., Wong, S.C., Henzel, W.J., Goeddel, D.V., 1994. A novel
family of putative signal transducers associated with the cyto-
plasmic domain of the 75 kDa tumor necrosis factor receptor. Cell
78, 681–692.
Sabbagh, L., Srokowski, C.C., Pulle, G., Snell, L.M., Sedgmen, B.J.,
Liu, Y., Tsitsikov, E.N., Watts, T.H., 2006. A critical role for TNF
receptor-associated factor 1 and Bim down-regulation in CD8
memory T cell survival. Proc. Natl. Acad. Sci. U.S.A. 103, 18703–
18708.
Sato, T., Irie, S., Reed, J.C., 1995. A novel member of the TRAF
family of putative signal transducing proteins binds to the cyto-
solic domain of CD40. FEBS Lett. 358, 113–118.
Schulze-Osthoff, K., Ferrari, D., Los, M., Wesselborg, S., Peter, M.E.,
1998. Apoptosis signaling by death receptors. Eur. J. Biochem.
254, 439–459.
Schwenzer, R., Siemienski, K., Liptay, S., Schubert, G., Peters, N.,
Scheurich, P., Schmid, R.M., Wajant, H., 1999. The human tumor
necrosis factor (TNF) receptor-associated factor 1 gene (TRAF1)
is up-regulated by cytokines of the TNF ligand family and
Z.Y. Xu et al. / Veterinary Immunology and Immunopathology 121 (2008) 44–57 57modulates TNF-induced activation of NF-kappaB and c-Jun N-
terminal kinase. J. Biol. Chem. 274, 19368–19374.
Siemienski, K., Peters, N., Scheurich, P., Wajant, H., 1997. Organiza-
tion of the human tumour necrosis factor receptor-associated
factor 1 (TRAF1) gene and mapping to chromosome 9q33-34.
Gene 195, 35–39.
Smith, C.A., Farrah, T., Goodwin, R.G., 1994. The TNF receptor
superfamily of cellular and viral proteins: activation, costimula-
tion, and death. Cell 76, 959–962.
Speiser, D.E., Lee, S.Y., Wong, B., Arron, J., Santana, A., Kong, Y.Y.,
Ohashi, P.S., Choi, Y., 1997. A regulatory role for TRAF1 in
antigen-induced apoptosis of T cells. J. Exp. Med. 185, 1777–1783.
Takeuchi, M., Rothe, M., Goeddel, D.V., 1996. Anatomy of TRAF2.
Distinct domains for nuclear factor-kappaB activation and asso-
ciation with tumor necrosis factor signaling proteins. J. Biol.
Chem. 271, 19935–19942.
Tsitsikov, E.N., Laouini, D., Dunn, I.F., Sannikova, T.Y., Davidson, L.,
Alt, F.W., Geha, R.S., 2001. TRAF1 is a negative regulator of TNF
signaling. Enhanced TNF signaling in TRAF1-deficient mice.
Immunity 15, 647–657.Vicat, J.M., Ardila-Osorio, H., Khabir, A., Brezak, M.C., Viossat, I.,
Kasprzyk, P., Jlidi, R., Opolon, P., Ooka, T., Prevost, G., Huang,
D.P., Busson, P., 2003. Apoptosis and TRAF-1 cleavage in
Epstein–Barr virus-positive nasopharyngeal carcinoma cells trea-
ted with doxorubicin combined with a farnesyl-transferase inhi-
bitor. Biochem. Pharmacol. 65, 423–433.
Wajant, H., Henkler, F., Scheurich, P., 2001. The TNF-receptor-
associated factor family: scaffold molecules for cytokine recep-
tors, kinases and their regulators. Cell Signal 13, 389–400.
Wajant, H., Muhlenbeck, F., Scheurich, P., 1998. Identification of a
TRAF (TNF receptor-associated factor) gene in Caenorhabditis
elegans. J. Mol. Evol. 47, 656–662.
Wang, C.Y., Mayo, M.W., Korneluk, R.G., Goeddel, D.V., Baldwin Jr.,
A.S., 1998. NF-kappaB antiapoptosis: induction of TRAF1 and
TRAF2 and c-IAP1 and c-IAP2 to suppress caspase-8 activation.
Science 281, 1680–1683.
Wang, H.Y., Zhou, L., Gui, J.F., 2007. Identification of a putative
oocyte-specific small nuclear ribonucleoprotein polypeptide C in
gibel carp. Comp. Biochem. Physiol. B. Biochem. Mol. Biol. 146,
47–52.
